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Abstract: The Yishui area is located in the east of the Luxi granite-greenstone belt, and is bounded by the 
Yishui-Tangtou Fault zone to the east. In this article we present zircon U-Pb ages and Hf isotopic results of 
migmatites from the Jiucengling (08YS-50) and Dashan (08YS-14 and 08YS-21) in the Yishui area. The 
Jiucengling sample gives two ages of (2693±11) Ma and (2558±9) Ma, representing the time of previous partial 
melting and recent metamorphic anatexis, respectively. Their zircon Hf isotopic compositions vary slightly with 
εHf(t) values in the range from +2.42 to +5.46, and define a line as the evolution tendency of the average curst 
(with 176Lu/177Hf = 0.015), while the corresponding two-stage Hf model age gives similar ages of 2.80~2.93 Ga. 
However, two samples from the Dashan migmatites yield identical results of (2475±14) Ma and (2474±14) Ma 
within errors, which means that their protolith was remelted at (2475±14) Ma. Their zircon Hf compositions show 
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a wide range of εHf(2475 Ma) from –2.76 to +8.0, with the two-stage Hf model ages varying from 2.48 to 3.15 Ga. 
Based on previous data, the aforementioned characteristics probably indicate the survival of 2.8 Ga basement at 
depth and witnessed the formation of juvenile crust aged at 2.8~2.9 Ga, and two other important magmatic events 
in the Neoarchean at 2.7 Ga and 2.5 Ga, respectively. These signatures indicate that a heterogeneous source region 
including juvenile materials with different ages (2.48~2.99 Ga) and an ancient crust aged 3.15 Ga were present 
beneath the study area. Therefore, it is likely that the tectono-thermal event at 2.48 Ga was related to slab 
subduction and these older basement rocks were the results of the transition of slab subduction angle in this area 
from a flat subduction to a steeper one which probably occur at ~2.54 Ga. 
Key words: zircon U-Pb ages; zircon Hf isotope; ancient basement; crustal growth; Yishui 
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? 1  ?????????(a) (? Zhao et al.[10])?????????(b) (? Wan et al.[11]) 
Fig.1  Geologic map showing tectonic subdivision of the North China Craton (a, after Zhao et al.[10]) and simplified geological map  
of the Luxi area (b, after Wan et al.[11]) (SHMB = siliceous high-Mg basalt) 
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? 2  ??????????(?????[24]) 
Fig.2  Geological sketch map of the Yishui area (revised after Shen et al.[24]) 
1-?????; 2-??; 3-????; 4-?????; 5-?????; 6-????; 7-?????; 8-??????; 9-??????; 10-????; 
11-????; 12-????; 13-???; 14-??; 15-????? 
1–Cenozoic covers; 2–veins; 3–Beixiazhuang Formation; 4–Shishanguanzhuang Formation; 5–Linjiaguanzhuang Formation; 6–Dashan pluton; 
7–Yinglingshan pluton; 8–Linjiaguanzhuang pluton; 9–Niuxinguanzhuang pluton; 10–Caiyu pluton; 11–Xueshan pluton; 12–Mashan pluton; 
13–gabbro; 14–faults; 15–sample locations. 
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? 3  ?? U-Pb??? 
Fig.3  U-Pb concordia diagrams for zircons 
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????  
3.3  ??????(?????) 
?? 5a ? 5b ?? 3 ??, ????? HREE
?????? LREE????????, (La/Yb)N?
?? 0.0001~0.2109 ? 0.0003~0.7127; ????-? 
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? 4  ??????? U-Pb??? εHf(t)??? 
Fig.4  Age versus εHf(t) diagram for zircons from the Yishui migmatites 
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? 5  ??????????? REE???(?????[42]) 
Fig.5  REE patterns of zircons from the Dashan migmatites in the Yishui area (underdrawings after citation [42]) 
 
? 6  ???????????(Sm/La)N-La(μg/g) (a)? δCe-(Sm/La)N???(b) (?????[42]) 
Fig.6  (Sm/La)N versus La (a) and δCe versus (Sm/La)N (b) plots for zircons from the Dashan migmatites in the Yishui area  
(underdrawings after citation [42]) 
 528  2015 年 
 
 
Geochimica ▌ Vol. 44 ▌ No. 6 ▌ pp. 517~535 ▌ Nov., 2015 
 
 第 6 期 毛永生等: 鲁西沂水地区早前寒武纪混合岩锆石 U-Pb 年龄与 Hf 同位素组成及其构造意义 529 
 
 
MAO Yong-sheng et al.: Zircon U-Pb ages and Hf isotopic compositions of early Pre-Cambrian migmatites in the Yishui area 
 
 530  2015 年 
 
 
Geochimica ▌ Vol. 44 ▌ No. 6 ▌ pp. 517~535 ▌ Nov., 2015 
 
4  ?  ? 
4.1  U-Pb????? 
4.1.1  九层岭混合岩 
?? 08YS-50 ??? 2556~2695 Ma ????
?? 3 ?????? 4 ?????????, ??
???????? 2 ????? (2693±11) Ma 
(MSWD = 0.15)?(2558±9) Ma (MSWD = 0.09), ?
???????, ??????????????
????[46]? 
(2693±11) Ma (MSWD = 0.15)  ??????
?????????, ???: (1) ? 2.7 Ga???
???????????????, ? Wan et al.[22]
???????? 2.75~2.70 Ga????????
??????, ??????(2693±11) Ma ???
?????; (2) ???? [47]?????????
??????(2695±32) Ma??????; (3) ??
? 3 ?????????, ??????????
??????????????????? Th/U
??(0.26~0.54)???????????(???
2558 Ma ?????), ????????????
?????? 
(2558±9) Ma (MSWD = 0.09)  ? 2.5 Ga???
??????????????????????
?????????????(?: (2545±10) Ma?
(2562±14) Ma[21]; (2532±9) Ma? (2538±6) Ma[48]; 
(2543±8) Ma[20]), ??????????????
???4????????????, Th/U????
? 0.1 (0.10~0.26)??????????????
???????????[6,49]???, (2558±9) Ma
??????????????? 
??????????????(2577~2668 Ma), 
????? 2693~2558 Ma ??????????
??????????????????????
?????, ???????? 30 Ma ?????
[50], ???????? 140 Ma ????????
??????????????????????
??????[36], ??????????????
???????? 
?????????????, ????[24]?
????????????? 2706 Ma; ????
?? U-Pb??????????? 2562 Ma[51]??
???, ???? [52]?????????(???)
????????? 2657~2702 Ma ??????
?? 2551~2585 Ma???????, ??????
??? 2693 Ma? 2558 Ma??????????
????, ????????? 2.7 Ga?????
?????? 2.5 Ga????????? 
4.1.2  大山混合岩 
??????????? Th/U ??(????
? 0.5, ???? 0.1) (? 1), HREE ??????
LREE ???-????, ????-?? Ce ???
???? Eu??????-????? REE???
?[6,53]??????U-Pb??????(? 3d? 3f), 
??????????????, ???????
??????????????????????
????(2475±14) Ma (MSWD = 0.65)?????
?????????, ????????????
???, ??????????????????
????, ?: Wan et al.[11]???????????
????????????, ???((2480±7) Ma ?
(2481±17) Ma[14])?????? A ?; ?? Peng et 
al.[23]???????????? Ba-Sr ?????
???(2469±12) Ma???, ? 2.48 Ga?????
??????????????????????, 
Wang et al.[54]???????????????
TTG ????(2488±9) Ma ??????????
??(2484±7) Ma???????, ???????
??????????????? 2.49~2.48 Ga?
??????????????????????
????????????????? 
4.2  ?????? 
4.2.1  九层岭混合岩 
?????????????? Hf ????
?[7,55–57], ??????????? U-Pb ????
Lu-Hf ??????[7,58], ???????????
??????????????? Hf ?????[7](?
???????????? εHf(t)?)???????
???? U-Pb??????[59–60](?850 )℃ ???
??????????, ????? Hf?????
???????????????[7–8]? 
??????(08YS-50)?? εHf(t)?????
(+2.42~ +5.46)?????????????[61]??
? 4??, 2556~2695 Ma????? Hf?????
?????????????? (176Lu/177Hf =  
 第 6 期 毛永生等: 鲁西沂水地区早前寒武纪混合岩锆石 U-Pb 年龄与 Hf 同位素组成及其构造意义 531 
 
 
MAO Yong-sheng et al.: Zircon U-Pb ages and Hf isotopic compositions of early Pre-Cambrian migmatites in the Yishui area 
0.015)????? , ?????????????
???????(2.80~2.93 Ga)?, ???????
?????????????? 2817 Ma? 2868 Ma
???, ??????? Hf??????????
???????, ? 207Pb/206Pb ????????
? 2.8~2.9 Ga ??, ?????????????
?? Lu-Hf ?????????????, ???
?????? 2.80~2.93 Ga??????????
????????, ?????????????
Zr ?????????[57]???, ???????
???????? εHf(t)?????, ??????
2? ε??, ?????????????????
???????????????????(??
?????????????, ????????
????????????? Hf ?????[62]); 
????? 0.06 Ga?????? 1? ε??, ??
?????(0.13 Ga)?????? 2 ? ε ????
????????????????????
2556~2695 Ma ???????????????
?????, ????????????????
?[63]????????? Hf ?????, ?????
?????????????????(2.8~2.9 Ga), 
??2.7 Ga ((2693±11) Ma)?2.5 Ga ((2558±9) Ma)??
?????????? (???????? )??
300 Ma???????????????????
?????????[8]? 
4.2.2  大山混合岩 
???????, ?????(08YS-14?08YS-21)
?? εHf(t)?????, ?–2.7?+8.0 (t = 2474 Ma
? 2475 Ma, ?? 3 ?????), ???????
tDM2 = 2.49~3.15 Ga, ?????????????
?, ?????????????[9,53]???, Tang 
et al.[64]????????????(??)????
???(??????????????)????
???? Hf?????????????????
??? 3?????????? U-Pb??(2528 Ma?
2589 Ma ? 2687 Ma)?????? εHf(t)?(???
??????? 2.68 Ga?2.81 Ga? 2.99 Ga), ??
??????????????????????
??, ????? Hf?????????????
??, ??????????????(??)??
????????Zr?????????????
??????????, ???????????
?????????[65]???, ????????
?? Hf ??????????????????
??????(????? U-Pb ????????
? tDM2??? εHf(t)?)???? 
?? 4, ?? εHf(t)??????????(DM)
?????(CHUR)?????, ????????
??????????????????????
???????????2 ??? εHf(t)?????
??? DM ???, ?????????? tDM1 = 
2.48 Ga? 2.50 Ga, ? U-Pb?? 2475 Ma????
???, ???????????????[9]???, 
??????????????????????
? [57], ??????????(??)??????
???????(??)????? [66], ?????
(08YS-14? 08YS-21)?????????????
??????????????????????
?[67], ???????????????????
??????????????????????
????? tDM2 = 2.49~3.15 Ga, ????? tDM2 = 
2.68~2.99 Ga ???????, ????????
?????? Hf ??????????????
?????????(? 2.5 Ga)???????(?
3.1 Ga)?????????????, ?????
?????? 2.6 Ga?? 2.9 Ga????????
(?????????? 2.80~2.93 Ga??????
?)???, ??????? 2.48 Ga ??????
??????????????????????
?????????? 
4.3  ???? 
? 7?? 2????, ????? Hf????
?????? 2.8~2.9 Ga, ?????? 2.8 Ga?
?????????????(??? Nd ????
????????, ????? 3.4 Ga[68]), ???
?????? 2.8~2.9 Ga?????-??????
? Wu et al.[36]????????????????
??? Hf ?????????????? 2.7~2.8 
Ga, ???? 2.84~2.90 Ga ??????????
Wan et al.[22]??????? 3.51~2.92 Ga?? Hf
???????? 3.6 Ga???????????
??? 3.0 Ga????????????????
??, ?????????, ?????????
??????????????? 2.8 Ga???? 
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? 7  ??????? Hf?????????? 
Fig.7  Distribution of tDM2(Hf) model ages of the zircons  
from the migmatites in the Yishui area 
 
??????????????????????
???? Lu-Hf ???????????????
??; ??, ???? Hf ???????????
???(2.8~2.9 Ga ? 2.7~2.8 Ga)???? 2.8~2.9 
Ga ????????????????????
?????????????; ????????
??????????????????????
?????[51,69], ??????????????
??????????[70]???????????
????(??????)???????????
???? 3????????: 2.8~2.9 Ga????
???????(????, ??????[7]); ? 2.7 
Ga ??????“?????”?????????
???[11,22]; ?? 2.5 Ga????????????
???????????????[11,20,22,23,71,72]??
?? 2.5 Ga???????????????, ?
???????????????????(??
?????(2693±11) Ma ??????????), 
??? 2? 2817 Ma? 2868 Ma?????, ??
?????????(? 2.8 Ga)?????????, 
??????????(??-???[11])?????
????? , ????(2.48~2.99 Ga, ?????
Hf ????)????????????????
???(??? εHf(t)??????????); ??
? 2.54 Ga????????(??)?????[20,71]
?????????????????, ? 2.48 Ga
??????????????????????
??????????????????, ???
??????(3.15 Ga, 08YS-21)???? 
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